Strain Sensing in Polymer/Carbon Nanotube Composites by Electrical Resistance Measurement  by Georgousis, G. et al.
 Procedia Engineering  47 ( 2012 )  774 – 777 
1877-7058 © 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Symposium Cracoviense 
Sp. z.o.o.
doi: 10.1016/j.proeng.2012.09.262 
Proc. Eurosensors XXVI, September 9-12, 2012, Kraków, Poland 
Strain sensing in polymer/carbon nanotube composites by 
electrical resistance measurement 
G. Georgousisa,*a, C. Pandisb, A. Kalamiotisa, P. Georgiopoulosa, A. Kyritsisb, 
E. Kontoua, P. Pissisb, M. Micusikc, M. Omastovac 
aMechanics Department, National Technical University of Athens, Iroon Polytechniou 9, Zografou 15780, Athens, Greece 
bPhysics Department, National Technical University of Athens, Iroon Polytechniou 9, Zografou 15780, Athens, Greece 
cPolymer Institute, Slovak Academy of Sciences, Dubravska cesta 9, 845 41 Bratislava 45, Slovakia 
 
Abstract 
In this work multiwall carbon nanotubes (MWCNTs) dispersed in a polymer matrix have been used for strain sensing 
of the resulting nanocomposite under tensile loading. This was achieved by measuring the relative electrical 
resistance change (ΔR/R0) in conductive PVDF (Polyvinylidenefluoride)/MWCNT nanocomposites prepared by 
melt-mixing with varying filler content from 1.25wt% to 8wt%. The samples were subjected to tensile loading and 
the longitudinal strain was monitored together with the longitudinal electrical resistance. The results showed that 
CNTs dispersed in an insulating polymer matrix have the potential to be used as a sensitive network to monitor or 
predict the damage in polymer/carbon nanotube nanocomposites. 
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1. Introduction 
It is well established that electrically conducting networks formed in an insulating polymer matrix can 
be utilized for strain sensing as well as for detecting the onset and evolution of damage by measuring their 
electrical conductivity [1, 2]. In the present work the influence of MWCNT content in the electrical and 
mechanical properties of PVDF/MWCNT nanocomposites was studied as well as their potential use for 
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strain and damage sensing. PVDF/MWCNT nanocomposites with various filler content were prepared by 
melt-mixing and the electrical properties were studied by DC conductivity techniques. 
2. Experimental 
2.1. Materials 
The nanocomposites were made of PVDF as insulating matrix with unfunctionalized MWCNTs as 
conducting inclusion at various rates. They were prepared by melt mixing at 50rpm at a temperature of 
220ºC for 15 minutes. Then, slabs were formed by compression molding of the mixed composites using a 
laboratory hydraulic press at 2.4 MPa and 190ºC for 6 min. Finally, dog bone shaped samples were cut 
from these slabs. On these samples four gold stripe electrodes were sputtered perpendicular to the loading 
direction, as shown in Figure 1(a). Copper cables were glued on these stripes using conductive glue. 
Thus, each sample was separated into three zones. Each sample’s neck was 3cm long, 4mm wide and 
0.65mm thick. Gold stripes were 4mm long, as the latitude of the neck, 2mm wide and 60nm thick. The 
distance between two successive stripes was 7mm. 
2.2. Method 
The samples were subjected to tensile loading until fracture using an Instron 1121 tensile machine. 
During each experiment, the tensile stress, the longitudinal strain and the electrical resistance as a 
function of time were being measured simultaneously. The strain was being measured in each of these 
three zones by a laser extensometer, which permits a non-contact measurement with very high accuracy. 
The crosshead speed was 0.6mm/min. A scheme of the experimental set up is shown in Fig 1(b). For the 
electrical measurements a fixed direct current (DC) was applied to the two outer contacts, while three 
voltmeters were used to measure the voltage drop inside each zone as shown in Fig. 1(a). Then the 
relative change of the resistance (ΔR/R0) for each zone as a function of time was calculated, where R0 is 
the resistance of each zone at the beginning of the experiment. 
 
 
 
 
 
 
 
 
 
 
  
 
   (a)      (b) 
Fig. 1. (a) Picture of the sample with the golden stripes showing the different zones for resistance measurement. 
(b) Experimental setup. 
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3. Results 
3.1. Behavior inside the fracture zone 
According to the stress-strain curves shown in Figure 2, samples with higher rates of filler content 
showed higher maximum stress, although the difference was small. On the other hand, samples with 
higher CNT content showed more longitudinal deformation at fracture, but about the same at yield. 
Their electrical percolation threshold pc was evaluated by fitting the well-known equation from 
percolation theory giving a value of 1.21wt%. The results concerning electrical measurements showed 
that relative resistance change increases linearly in the elastic region, whereas in plastic region ΔR/R0 
changes faster up to the fracture. The increase of ΔR/R0 with strain could be explained as a result of 
destruction of percolating paths forming the conducting network [1]. 
As shown in Figure 2, at yield the slope of ΔR/R0 curves starts increasing rapidly, clearly indicating 
that the sample has yielded. Moreover, the lower the proportion of filler content is, the steeper they 
become. The final value of ΔR/R0, just before fracture, is higher for higher filler content, because the 
samples with higher inclusion rates showed greater deformation until fracture, allowing ΔR/R0 to escalate 
to higher levels. However, for each value of strain, ΔR/R0 is higher for samples with lower inclusion 
rates. For example, for strain 8%, the ΔR/R0 of the sample with 8wt% inclusion was about 24.6%, for the 
sample with 6wt% CNTs it was about 35.5% and for the sample with 1.5wt% filler rate it was about 
84.7%, and so on. 
All the above indicate that as the filler content approaches to percolation threshold, ΔR/R0 becomes 
more sensitive to strain changes. But, if the filler content comes very close to percolation threshold, such 
as 1.25wt%, there is too much noise to get a reliable measurement, due to very low conductivity. 
3.2. Behavior outside of the fracture zone 
In Figure 3(b) there is a comparison of the behavior between the zone where the fracture took place 
and away from it. It is clear that up to a point both groups of curves for inside and outside fracture zone 
are similar. After this point, the sample starts forming a neck which later becomes the fracture point. 
0 2 4 6 8 10 12 14 16 18 20
0
10
20
30
40
50
Stress Curves
 8%
 6%
 1.5%
St
re
ss
 (M
Pa
)
Strain (%)
0
20
40
60
80
100
120
140
 
'R/R0 Curves
 8%
 6%
 1.5%
'R
/R
0 (%
)
 
Fig. 2. Stress and Relative Resistance Change as a function of Strain inside fracture zone for samples with various filler contents. 
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    (a)      (b) 
Fig. 3. (a) Figure 2 zoomed in the area between 0 and 2% of Strain. 
(b) Stress and ΔR/R0 as a function of Strain inside and outside fracture zone for sample with 8wt% filler content. 
 
The strain of the zones away from the neck tends to remain stable as the experiments progresses, so 
does the relative resistance change. However, the curves referring to the zone where the neck is formed 
continue to increase until fracture. In Figure 3(b) the curves of the sample with 8wt% CNTs are provided, 
which are indicative of the rest of the samples. 
4. Conclusion 
As strain changes, relative resistance change could be measured on site by suitable equipment to 
evaluate the deformation or damage level of the material and predict the imminent fracture. The results 
were similar between samples of the same filler content showing thus repeatability. So, this 
nanocomposite is promising for use as strain and damage sensor. 
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